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Endovascular management of recurrent stenosis
following left renal vein transposition for the
treatment of Nutcracker syndrome
Donald T. Baril, MD,a Patricio Polanco, MD,b Michel S. Makaroun, MD,b and
Rabih A. Chaer, MD,b Worcester, Mass; and Pittsburgh, Penn
Nutcracker syndrome is an entity resulting from left renal vein compression by the superior mesenteric artery and the
aorta, leading to symptoms of left flank pain and hematuria. Conventional treatment has been surgical, commonly
through transposition of the left renal vein to a more caudal location on the inferior vena cava. Additionally, endovascular
approaches, primarily via renal vein stenting, have been described for treatment of this syndrome. We report the case of
a patient with Nutcracker syndrome who underwent successful left renal vein transposition but then developed recurrent
symptoms 10 months postoperatively and was successfully treated with angioplasty and stenting. (J Vasc Surg 2011;53:
1100-3.)
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cLeft renal vein compression by the superior mesenteric
artery (SMA) and the aorta leading to symptoms of left
flank pain and hematuria has been classically described as
Nutcracker syndrome.1,2 Treatment approaches have in-
cluded both conventional surgical techniques along with
endovascular approaches. We report the case of a young
patient with Nutcracker syndrome who underwent left
renal vein transposition and subsequently developed recur-
rent symptoms and restenosis 10 months postoperatively.
Following this, he underwent successful angioplasty and
stenting with complete symptom resolution.
CASE REPORT
A 23-year-old male presented with hematuria and left flank
pain radiating to his groin for approximately 9 months. His past
surgical history included an exploratory laparotomy for suspected
appendicitis, laparoscopic cholecystectomy, pyloromyotomy per-
formed for pyloric stenosis, and left oorchiectomy performed for a
large painful varicocele. His physical examination was unremark-
able, except for a body mass index of 21.
The patient had previously been evaluated at an outside insti-
tution and had undergone multiple diagnostic studies including
numerous computed tomographic (CT) scans, which had been
interpreted as normal. A cystoscopy, a cysto-uretroscopy, and a
testicular ultrasound were all normal. The patient subsequently
had a magnetic resonance angiogram, which showed narrowing of
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1100he left renal vein at the segment between the aorta and the
uperior mesenteric artery (SMA). A dedicated CT venogram was
btained that confirmed this finding (Fig 1). A duplex examination
emonstrated a peak systolic velocity (PSV) of 195 cm/s in the left
enal vein at the level of the SMA/aorta and a velocity of 24 cm/s
n the veinmore distally, producing a PSV ratio of 8.1. Venography
as performed with pullback pressures, which revealed a 10 mm
g pressure gradient across the suspected narrowing in the left
enal vein.
Given the clinical history and the diagnostic studies, the
atient was diagnosed with Nutcracker syndrome and underwent
eft renal vein transposition. Left renal vein transposition was
elected despite the reoperative abdomen as this was postulated to
ffer this young patient the most durable long-term solution. This
as performed through a supraumbilical midline incision. Intraop-
ratively, the left adrenal vein was ligated and divided, and the
escending lumbar vein was preserved. The renal vein appeared
ormal without evidence of significant wall changes at the site of
ompression. The vein was transposed approximately 4 cm caudal
o its original location. An end-to-side anastomosis was created
sing 6-0 polypropylene with two separate sutures run from each
orner and tied in the middle of the venotomy on both sides. He
ecovered well and had resolution of his symptoms at the time of
ischarge on postoperative day 5. He remained symptom-free at 1
onth and 6 months. Additionally, duplex imaging at these inter-
als demonstrated no evidence of stenosis at his transposed reno-
aval junction.
Approximately 10 months after the initial operation, the pa-
ient began to experience recurrent intermittent hematuria and left
ank pain. Cystoscopy was unrevealing. Duplex evaluation was
uggestive of a stenosis of the left renal vein near the renocaval
unction with a PSV of 173 cm/s and a PSV ratio of 5.6 (Fig 2).
urthermore, a large collateral vein, which had not been visualized
n prior surveillance studies, was seen arising from the midportion
f the left renal vein. Venography was then performed and, on
elective left renal venography, a large collateral was visualized,
onfirming the duplex findings, but demonstration of the stenosis
as difficult (Fig 3, A). The restenosis appeared to be at the
Dy
a
b
a
L
a
t
p
i
p
u
F
a
s
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 4 Baril et al 1101neo-renocaval junction and, as such, imaging without losing cath-
eter purchase in the renal vein proved challenging. A pressure
gradient was obtained across the anastomosis of the transposed
vein, which was 5 mm Hg. Intravascular ultrasound (IVUS) was
then performed using an EagleEye Gold catheter (Volcano, San
Diego, Calif), which demonstrated a high-grade stenosis at the
anastomotic segment of the vein (Fig 4). Venoplasty was per-
formed using a 10 mm  40 mm balloon, which failed to resolve
the stenotic portion. Subsequently, a 14 mm  40 mm self-
expanding Protégé stent (EV3, Plymouth, MN) was then de-
ployed. This was postdilated with a 12 mm  40 mm balloon and
then a 14 mm  40 mm balloon. The stent was intentionally
placed with some protrusion into the inferior vena cava to assure
that the anastomotic lesion was treated. Follow-up venography
showed full stent expansion, and IVUS imaging demonstrated
resolution of the stenotic portion of the left renal vein (Fig 3, B and
Fig 4, B).
The patient had near immediate resolution of his symptoms
and was discharged on postoperative day 1. He was placed on and
is continuing on aspirin 81mg orally daily. He remained symptom-
free with a widely patent stent by duplex imaging at 1-month and
6-month follow-up. At 6 months, the PSV within the stent was 33
Fig 1. Computed tomographic (CT) venogram demonstrating
narrowing of left renal vein between the aorta and the superior
mesenteric artery.
Fig 2. Duplex imaging of left renal vein narrowing with peak
systolic velocity (PSV) of 173 cm/s.cm/s, while the PSV in the inferior vena cava was 36 cm/s. aISCUSSION
The majority of patients with Nutcracker syndrome are
ounger with a thin body habitus. This thin body habitus,
long with the associated lack of retroperitoneal fat, have
een postulated to lead to compression of the left renal vein
longwith stretching of the vein due to ptosis of the kidney.
eft renal vein compression results in venous hypertension
nd subsequent development of collaterals and varices in
he renal pelvis. The consequential clinical symptoms are
rimarily flank pain and hematuria. Additional symptoms
nclude left-sided varicocele in males (as in our patient),
elvic congestion syndrome in females, orthostatic protein-
ria, fatigue, and vague gastrointestinal symptoms.3-6
The diagnosis of Nutcracker syndrome is often delayed
ig 3. A, Left renal venogram with large collateral 10 months
fter transposition. B, Left renal venogram after self-expanding
tent placement.s the entity is quite rare. Cystoscopy is helpful in excluding
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April 20111102 Baril et alother causes of hematuria. Axial imaging including mag-
netic resonance and CT is able to demonstrate compression
of the left renal vein, evaluate venous congestion and
collateralization, and rule out other sources of flank pain
and hematuria. Duplex ultrasound provides hemodynamic
data, which may assist in the diagnosis. In particular, ele-
vated PSV ratios of the renal vein velocities at the aortomes-
enteric junction and the hilum do appear to be indicative of
the syndrome.7,8 The patient presented here had a ratio of
8.1 preoperatively, which decreased to 1.3 postoperatively
Fig 4. A, Intravascular ultrasound (IVUS) demonstrating recur-
rent stenosis of the transposed left renal vein. B, IVUS following
successful angioplasty and stenting.and then increased again to 5.6 when he developed recur-ent symptoms. Venography, along with pressure measure-
ents, has also been used to diagnose Nutcracker syn-
rome and is considered the gold standard by some,
articularly with a significant gradient (3 mm Hg).4-6
Treatment of Nutcracker syndrome is indicated when
atients are suffering from severe hematuria or intractable
ank pain. Surgical options include left renal vein transpo-
ition, renal venous bypass, autotransplantation of the kid-
ey, and mesoaortic transposition.4-6,9-11 Left renal vein
ransposition appears to be safe and efficacious, although it
as been reported that select patients may have persistent
ymptoms despite relief of the venous obstruction.4,9 The
atient presented here had clear resolution of his symp-
oms postoperatively but subsequently had recurrent symp-
oms 10 months later. Endovascular approaches using
ngioplasty and stenting for the initial treatment of
utcracker syndrome have also been described.12-15
elf-expanding stents may be preferable given the likely
ynamic compression by the underlying aorta. Confirma-
ion of the diagnosis can be made on venography by visu-
lization of contrast wash and well-developed collaterals. In
quivocal cases, IVUS can be invaluable not only to estab-
ish the diagnosis through pull back imaging but also to
btain accurate measurements of the renal vein diameter
or proper stent sizing.
Although the long-term data regarding all of these
herapeutic approaches are limited, endovascular treatment
f Nutcracker syndrome has been complicated by stent
mbolization, in-stent restenosis, and stent occlusion.13,16
iven the limited reports and outcomes following interven-
ion for Nutcracker syndrome, the standard of care remains
ll-defined. However, at the majority of centers, it appears
hat surgery remains the first-line therapy for the treatment
f Nutcracker syndrome. An endovascular approach to
reat recurrent stenosis following left renal vein transposi-
ion is favored to avoid the potential complications of
eoperative retroperitoneal surgery. Longer-term follow-
p is needed, however, to determine the durability of
ndovascular therapy, and close duplex surveillance for
ecurrent stenosis is warranted in this typically young pa-
ient population.
ONCLUSIONS
Nutcracker syndrome is a rare entity leading to flank
ain and hematuria. This case exemplifies resolution of
ymptoms following successful relief of the left renal vein
bstruction. Furthermore, it demonstrates the possibility
f recurrent symptoms with restenosis. To our knowledge,
his is the first case of recurrent symptoms of Nutcracker
yndrome after successful surgical intervention, which was
hen effectively treated by endovascular means.
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